Abstract-We have extended previous measurements on the detection of a target, differentiated in orientation or magnification from a number of identical reference elements. In these new experiments, we have used more than one class of reference element from which the target must be discriminated. For example, in the case of orientation discrimination, the reference elements are of two classes, which differ from each other in orientation, but are otherwise identical. Representatives of the two classes are present in equal numbers, and the target to be detected is presented at an orientation angle different from that of either class of reference element. Data for discrimination of target magnification or orientation are given for simple geometric elements, namely lines, squares and triangles. In nearly all cases, the characteristic time required for 50% probability of target detection, T1/2, is greater with two classes of reference elements than with a single class. In nearly all cases, T1/2 values for the mixed reference elements increase with the number of reference elements, N, corresponding to discrimination by serial processing. This remains the case even when detection is parallel (T1/2 independent of N) for either class of reference element used separately. We discuss the properties of the spatial discrimination mechanisms which give rise to these responses.
INTRODUCTION
Visual assessment of a complex scene involves coarse analysis of the noncentral field, which enables the observer to fixate an object of interest and, thereby, to subject it to detailed examination with high resolution foveal mechanisms (Trevarthen, 1968) . One method of examining the visual mechanisms involved in coarse analysis of a scene relies on the measurement of response times for detection of a target embedded in a multielement field. In some early studies, emphasis was given to the division of attention between foveal and peripheral vision (e.g., Engel, 1971; 1974; Ikeda and Takeuchi, 1975) , but most have been concerned with the detection of stimulus features presented either individually or in combination. Most authors distinguish two general categories of response, one parallel, in which response time is essentially independent of the number of distractor elements from which a target must be distinguished, and the other serial, in which response time increases with the number of distractors (Neisser, 1963; Egeth et al., 1972; Shiffrin and Gardner, 1972; Treisman et al., 1977; Treisman and Gelade, 1980; Nakayama and Silverman, 1986) . Treisman and her colleagues have distinguished two stages of visual processing involved in such detection tasks (Treisman and Souther, 1985; Treisman, 1988; Treisman and Gormican, 1988) . Initially, a given sensory feature, such as stimulus size, orientation or colour, is *Johnson-Matthey Technology Centre, Blounts Court, Sonning Common, Reading RG4 9NH, UK. †To whom all correspondence should be addressed represented in a separate module, which itself consists of a series of spatio-topically organised maps. Each map represents a separate value of the encoded feature, such as red, green or blue for colour, and it is assumed that the visual coding of these features occurs automatically, without focal attention, and in parallel over the various spatial maps. At the second stage, the different features are located and brought into conjunction, in order to specify objects, and this requires focal or attentive vision. The distinction between the two modes of operation is not always clear cut (e.g., Egeth et al., 1984; Kleiss and Lane, 1986) , and Duncan and Humphreys (1989) have analysed visual search data with recourse neither to the distinction between parallel and serial processing, nor to that between features and conjunctions. A number of recent studies have examined the limits on parallel processing which occur when the target parameters are insufficiently differentiated from those of the distractors (Javadnia and Ruddock, 1988; Treisman and Gormican, 1988) . Duncan and Humphreys (1989) base their analysis of visual search on the degree of similarity between a target and a nontarget (or distractor) and on the degree of variation which occurs within the non-targets themselves.
In this paper, we report an extension of the studies conducted by Ibbotson et al. (1987) and by Javadnia and Ruddock (1988) , in which they attempted to determine quantitative limits at which similarity between the target and the reference elements (or distractors) prevents parallel processing of a given stimulus parameter or feature. They demonstrated that a single target, distinguished from a number of identical reference elements by virtue of its orientation or magnification, can be achieved by parallel processing, except under limiting conditions (see also Treisman and Gormican, 1988) . Orientation discrimination for simple geometrical elements, such as lines, triangles and squares, could be performed in parallel as long as the target orientation differed from that of the reference elements by more than 5-10 deg. Similarly, magnification differences could be discriminated in parallel for a 10-20% change in the linear dimension of the target relative to those of the reference elements. Such limits for parallel processing are unrealistic in that in everyday life, the visual system has normally to identify a target of interest in a complex scene containing a range of object sizes and orientations. In this paper, we examine orientation and magnification discrimination for a single target embedded in reference elements which are themselves divided into two or more sub-groups. As expected, the range of target parameters which can be discriminated in parallel is much more restricted than when the reference elements are all identical. The experimental data provide some evidence regarding the properties of the underlying detection mechanisms (see Discussion).
METHODS

Apparatus
The generation of the elements which make up the 8.6 deg x 6.3 deg field has been described in previous papers (Ike et al., 1987; Javadnia and Ruddock, 1988) . The only modification in the present experiment was the inclusion of more than one type of reference element in the visual field (see Fig. lb ).
Stimulus patterns
As in previous studies, the stimuli used in any single experiment consisted of a fixed number, N, of reference elements, and a single target element differentiated from them
